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Description 

T rc present invention relates to X-ray windows and 
-ice specifically tc S-oh wmaows made out o 4 da- 
mono: 

X-'hv windows as ths'r name : rnp -os are tr.in. that 
is tc say less than 10 urn. more specifically less than 1 
>.m lamina wn ch a r e transparent ': X-'ays anc form 
cart of X-ray apparatus Often, as for example in con- 
nect rr w,m X.-ray spectrometers t-e-y need tc be able 
to withstand rcmssuie differentia's of ar atmosphere or 
creater A materia which is particularly suitable to- use 
-s an X-ray window ■$ diamond However in thin lamina 
to'n ■ s weak mechanca ly ana reecs tc be supported 
on a substrate Existing oractioe is to prow the diamond 
:om *he vapour phase upon a relatively thick silicon 
subsl'Hie Union jnatey silicon is a miatively heavy at- 
=o r bc-' o J X-mys so that diamond on si! con X-ray wir- 

..i.'WU I rlVU iuW A-lr.y cH SnilSSlO'lS 

:oeci1 ca^or EP C 475 627 discloses a method of 
mam/actunrg an X-ray w ndow consisting o'' a laye' of 
c amend hMV ng a supporting structure consisting of a-" 
i-j r ray cf j.amonc rios formcc upon one surface of the 
diamond layer. The ribs are formed by depositing a layer 
of d;arronc upon a sncon substrate forming a patterned 
meta mask upon the exposed surface of the layer of 
j arronc deposit nc furthe' d'amonc on the mask and 
jxposod regions of the diamond layer removing the 
mas« dnd tmally mmcving the silicon substrate 

The aoove process h-is the disadvantage that the 
susstiate and o- gins! diamond lave- have to be re- 
moved from me vacuum cnamber in which the oiamond 
reposition is done ir orae r that the mask can be depos- 
tedon the coated substrate and returned to the vacuum 
champcr for the deposition of the furtnc diamond Mot 
only 3 this time consuming but there is nc guarantee 
th=3t me further deposited diamond wil : oe epitaxia 1 with 
theongma a;amcnclaye r Thus the supposing ribs may 
~ct be t'j!y 'ntegral with the cngna diamond laym 
which could be a source o' woaKness in the final X-ray 
window Asc diamond is a dmcult material to etch, so 
that the -ctovhi 3' the mask wthc.t erecting the dia- 
ler: ■ bs s a d !,f ic,.lt PDC'M'pn 

* ;-<r object of me o'csen: rventio-" *o crevde an 
....... ;: . — -< •> .r .'act u: -'u a ::'a-^cm X-'.iy 

->:: c manractunrg ar X-'ay wircow comp r is:ng a 
•"nemca^e c' diamond having ar a ray 01 integral sue - 
pcrtru r:cs v.no'ei" me*e included is iro operat ors of 



deposited a 
:to m-venal 



:: rj'rc"C jo cm 



c removing the substrate ~atena ! so as tc p r ovidc 
the rremprane 0' diamond raving a~ array of ;nte- 
q-a : supporting res 

$ 0 amend may ce removed from the se ectec areas 

cf tnc expesec surface o' tne layer of ciamo^d by i 
chem cal etching process, on beam thinning or by ab- 
lation Ir tne latter case \ir ^ola'ior can be earned cut 
by means of a lase* whicl produces radiation having 
'0 wave ercms :n tne mgens y H 9C to T ; 5j rrr where dia- 
mond absorbs strongly 

Preferably me substram 13 made cf sil con 
It is tc be understood mat for the purposes of tne 
present application the wo'd diamond :ncludes tne ma- 
7 5 tonal known as diamond-like carbon wnicn nas many of 
tne properties o 4 diamond but does not have the regular 
crystalline sinjc:u r e of aiamona 

The invention wil : now ce cescr-bed by way of ex- 
amp e wim reference tc th" acccmpanying drawings in 
po which 

- igure 1 shows a mree-dimens'onal view o* a por- 
•on of a". X-ray w ndew ombooving tne invention, 
and 

25 

Figu r e 2 is a flowsheet of a process for producing a 
diamond window embedy ng the invention 

metering to Figure " 01 the drawings an X-ray wm- 
20 dow embodying tnc invention persists cf a circular 
membrane 1 made of rjiamonc The membrane 1 has a 
plane surface ? and a second surface 3 in which is 
formed an array o f hexagonal depressions 4. The lands 
between the depressions 4 form a senes 0' ribs 5 be- 
tween tne depressions 4 *~~e resjlt s to provide a rel- 
atively thin membrane which is integral with an array of 
supcortino ribs Tc facilitate the mounting of the X-ny 
window, an annulus 6 s ieft around the edges of tne 
membrane 1 

The dcpmssicns may have shapes other than hex- 
agonal fo' example they may be square-shape 

Helernng to Figurr 2 a process fo r p r oauc:irg an > - 
■ay w ^uow su::*' as th,:t s l " ow 1 ir qu r e " includes '.•■e 
ocer ; it c~s z* 

0 i r _ i O<!00 iavil C". V.e 'C-:' SU'^HCC 0\ ri 

cr m cce.e::roric dev cos 

2i Removing se.ect very t-G cxice laye- horn one 
plane surface of the w^ter tc form an arruius 

F moa'-np me e<oosod si' cc° surface of the wa- 
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2 c--.nrg the omcaneo surface of the s licon wa- 
fer using methods which are wel-knovvn in the ser- 
ico'idjc:c r a r t 

5 . Sc z\=ic the sil cor. wafe' r a deposition cham- 
t :r !ne prepa-ec surface w;!l be exposed to the 
action of a gaseous reactive medium consisting of 
mixtu'c o* hyd'Ocer anc methane 




B1 4 

bj 'emovirc materia ; rcn seeded r egors i4. 
of the exposec surface ,3; of the layer (1 > o* 
diamonc to provide the array of integral sup- 
porting r os :5i ard 

z ', "omoving *hc SLDStrate materia so as to prc- 
viae the membrane of diamond having an amay 
of integral supporting r-bs 



f Evacuating tne react or chamhe r to a oressure 
:>f about 10/ 6 torn admitting a mixture y hydrogen 
ar d methane to the chamber.the methane concen- 
■.-Htion ocmg in tne range 0 5 to 1 b"-c oy volume tlow 
r ate establishing a plasma in tr* reaenve meoium 
z\ mca-s c' microwave rad.aticn. a 'mouency of ? * 
2 45 GHz being satisfactory, maintaining a total gas 
pressure in tne reaction cnambe- in the range 20 to 
~0 mbar ard alowmg tne react ior to proceed until 
layer of d amond typically 10 pm thick has been 
• tymed on the exoosed surface cf the silicon water 20 
Dunne the deposition process, tne temperature of 
me wafe r is Kept at a constant temperature between 
r50 and 9C0°C, although temperatures between 
=■00 and 950°C can be used 

25 

7) 'he wafer is removed from the reaction chamber. 
- : nd using standard photohthograohical techniques. 
hp annuius of silicon oxide-n "ude is p^oducec 
-round tne edge of the silicon w^for 

30 

"he wafer and diamonc coating are clamped to 
=: support and the surface of the diamond layer is 
exoosed to laser radiation through a transfer mask 
v av ng an a"ay cf holes corresponding to the array 
of deorcssiors 4 to be formed :r 'no diamond men- 3o 
orane The aser raciation nas a 'requencv sucn as 
to be absorbed by the diamond, with a consequent 
graohitisation /ablation of the diamonc. The etching 
of the diamond :s continued until the thickness of 
tne iayc r of diamond is -educed tc about * urn ArF -to 
A °3 urn} cr <rF ''248 pm, are su *abe ; asers tor the 
etching process 

etching tecnnioues 
Claims 

1. A metnoo of manufacturing an > --ay window com- 
p-om;; ; { membrane of diamond hav -\z an airay of 
.-<',. r - ■ j cpon* r. 0 nor- k'/icor" t'"m r o is *m uoon 



2. A metnoo ac :crcing to C ia ; m 1 wherer tnere is in- 
cluded tne operations of interposing a protective 
mash between the exposed surface (3) of the layer 
(1 '; o' diamond and a sojree of laser radiation the 
mash being adaptee to aelmeate those mo ons 

c' '.ho excosod surface . 3; cf the iave r :"!;. of dia- 
mond from which materia! is to be removes and sub- 
jecting the Iaver 1 1 ) o' diamond to tne saic radiation 
until the thickness c' the ;ayer of c amond m the se- 
eded regions "S reducec to a ore-determined val- 
ue 

3. A method according to Claim 2 wherein the laser 
radiation is p-oduccd by an a r gon fluoride or krypton 
fluoride laser. 

4. A method according to any preceding oaim wherem 
the diamond is deoosited by preparing a surface o f 
tne substrate tc- provicc nucieation sites to facilitate 
t^e growth 0' diamond uoon the said sudace of the 
suostrate. pi ^sing the sucstnate in a react on cham- 
oer evacuating the reaction chamber aanitting a 
m-.xtjre o* hydrcger and methane to the 'eaeticn 
chamber, the methane concentration in tne hydro- 
gen oemg ir the range C 5 to 1 5 •'/. by 'low rate 
establishing a pasma : n the mixture cf hydrogen 
and methane in tne reaction chamber maintaining 
a total gas pressure ir the reaction chamber in the 
-ance of 20 to 50 mbar maintaining the temperature 
of 'he substrate at a constant tempera- u r e within the 
r~argo 503 to 9C0°C ard terminating the reaction 
w^en a O'e-oetermmed thickness of diamond has 
noer depositee 

5 ti -r.-rtn-cj arno'di^cj !: a~v c^~r-a^u ra-^ Ah^o r 

npp-oximately 'Gum ana 'no final t n ckress tne 
so ecteo -cgions 4; of t"0 diamond .aycr •: t , is ap- 
pm>> matey 1 um 

Potentanspruche 

1 . Vomo-m^ /m -crste -.rz: eires Rontgormnsto r s 
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tonal acscheice: 



su'vantes 



r. i Materia^ aus -iusgewarciten Bereic^en i4] ae r 
'teiliegenden Oberflacne (3) der Diamant- 
smeht ! 1 1 entfemt jmde Anc r onung Integra- s 
or Stut/r'ppen 5: /u r Vclugung /u stellen und 

C; das Subs' ratmatonal ontfcrnt un die Dia- 
mantmenbran mi* ener Anordnung integraler 
Btutznppcn 7U\ Vedugung ,*u stellen f ^ 

Ve'fahren nach Ansorucn 1 bei dem nan zwiscner 
die f 'eil egende Oberflacne i'3) dor niamantscmcnt 

i ltic e ne L_ase r strah enquelio eine Schutzmaske 
:cct wo cnc lj ausgclegt ist. duG sic die Bereiehc '5 2. 

4) der frei leqenden Oberflacne (3) der Diamant- 
schiert [" ) von denen Valeria! entferrt warden soli 
aoq-enzt unc aie C'lamar.tschicht (1 1 bestrahlt bis 
t.i i o Dicke der Diamantschichl in den gcwahiten Be- 
lechen auf e-nen vcrher festgelegten Wer. vernn- 20 
god is: 

Veoahrer nacn Ansprjch 2. bes dcrr die Lase^- 
stran ung curch eiren Argoofluorid- ocer Krypton- 
t uoridiaser erzeugt wird 25 

Vorfnhren na:h emem der vorstehenden Ansoru- 3. 
chc oci de r n de* Diamant dadjrch abgeschiede n 
wire dafi man ene OberMarhe des Substrats pra- 
pano'l urr, das C;amantwac hsturn auf oer Oberfla- 30 
;:he oes Sjbstrats erle cnterndo Keimcildungsstel- 4. 
en .■ l r Venucung ?u ste'ien oie neaktionsKammer 
evakuier*.. ome IVischung aus Wasserstoff jnd Me- 
*na r in die ^eaklionskammer emieitet. wobei die 
Vletnankon/entration im Wasserstoff im Bereich 35 
von 0.5 t is 1 .5 Vol-% auf Basis der FlieGgeschwin- 
diqkoit hog* cas Semisch aus Wasserstoff und Me- 
tn-in in der Reakt'onskarrmer n em. Piasma ube-- 
'u-n con 3asgesartdru:k in der Reaktiorskam- 
ne* n Bereich von 20 bis 50 mcar une die "Hsrrpe- J o 
-ate r:e" Suostrats i~ Bero.cn vcr 50 J b s 9C0°C 
-octant "at: na ' ind oie r oaH :>r :::ann reencje!. 
.v !:■•'! jo - D arnanl bis /u ene- voire 'ostuelecto-" 
: arke acaoschicdcn wunfo 

'•'o".:nre'^ -a:r 3 hot do r vo's'oncrcJor Ansprii 
■. ' 0 ce jc"'. OiC anfa^g cic ^ ug* l lanart 
senior,* : 1 i a-mahcungswe so "C un und die Ene- 
di.>.o in den auscewah'ter Bereiche^ (4j cer Dia- 
mantscnic^t annahe r unaswoisc " urr bet r aqt 



Revendications 



a. ie depot d'une couche 1 1 : de diamant sur jn 
materia u de subs! rat 

0: I e<tract!0- du matenau ce regions cno:sies 
■ 4i do la surface oxpesee '3*. do lb couche :1 ) 
de diamant pour la fo-matior de I arrangement 
des ncrvures de support {£ ; qui en sent solidai- 
res et 

:) I'extraction du materiau cu sjbstrat afin 
qu'une membrane de diamant aya^t un arran- 
gement de nervures oe support qui en son! so- 
hdairos soit roalisee 

Procedc sclcri a revcnpication H . qu : comprend des 
operations d interposition d'un masque crotecteur 
entre ,a su r f^ce exposee (3) de la couche ;1) de 
ciamant et une source d'un rayonnement laser. Ie 
masque etant destine a delimiter les regions (4) de 
ia surface exoosee :3) de la couche M) de diamant 
oont Ic mate-.au doit etre ext r ait, et I exposition de 
la ccucne (1 ) de diamant audit -ayonnement jusqu'a 
ce que I epa sseur ae a couche de diamant dans 
les regions choisies sol r edu*e a une valeur pre- 
determine 

^rocede selon la revendication 2. dans leauel Ie 
^ayonnemcnt laser est p r odJit par un :aser a fluc- 
r jre c'arcon ou a fluorure de Krypton 

"'rocede selon I'une quelconque des revindications 
p'eceaentes dans leque. ie ciamanl est depose par 
preparation d'une surface du suostrat afin qu'elle 
*orme des sites de nucieation qui facil tent .a crois- 
sance du diarr.ant sur ladite surface du substrat. par 
0 sposition du substrat dans une chambre de reac- 
tion par evacuation de la chamb r e de reaction par 
admission a'^n melange dhyexgene et de metha- 
-e cans a chambre de rea:tiO". a concentration 
cu metnane dans lexygene etant comprise enire 
C 5 et 1 £ % en volume en dect par etab issement 
:: un plasma :ians Ie rneanry- d'ryo r ouenc c! ne 
• >ethane Jar s h chamb-c oe 'oact or* par maintier 
C'une pressio" totale ou qa' dans >ft chambre de 
•c action c-m'0 2C et t-C mba ? par mai^t or do a tcr v - 
cerature oj s^bstra* a ure *empe r ature cc°stante 
_jnp-.se oans a pL-s-je a.a^t oe SCO a : CZ 5 C c: 
car .nt erupt o^ oe a reaction lc'iq_'^ne ecaisseur 
cecetemnree oe daman: s eat deposee 

"'rocede scion ! 'une a uelco^ouo ces revendications 
p-eceoenies oans oq.jo I'epa'sseu' mitiale 00 a 
couche 1' de o-anam est d'environ ' ?■ .m et 
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FORM OXIDE LAYER ON 
Sj SUBSTRATE 



REMOVE OXIDE LAYER 
FROM ONE SURFACE 
OF Si SUBSTRATE 
-i 



PREPARE E 
SURFACE T( 
NUCLEAT 


XPOSED S, 
3 PROVIDE 
ON SITES 






CLEAN PREPARED 
Sj SURFACE 






PLACE IN REACTION 
CHAMBER 






GROW DIAMOND 
LAYER 






FORM PROTECTED 
EDGE ANNULUS 






SELECTIVELEY ETCH 
DIAMOND LAYER TO FORM 
SUPPORTING RIBS 






REMOVE S, 
SUBSTRATE 



